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Objectives: The ankle-brachial pressure index (ABPI) responses to different exercise intensities on a treadmill were 
evaluated to clarify the relationship between intermittent claudication and the haemodynamics in the leg. 
Patients and methods: Thirty patients with intermittent claudication (32 symptomatic legs) due to peripheral arterial 
occlusive disease were exercised on a treadmill to determine their pain-free walking distance, maximum walking distance 
(MWD) and recovery time. Each subject was exercised at 25% and 50% of the MWD to determine the effect of work 
intensity on the drop in ABPI, and the recovery time. 
Results: In the claudicating legs, 25% of the MWD resulted in almost he same reduction in ABPI as 50% of the MWD, 
and the MWD. In contrast, the ABPI in the asymptomatic legs (13) was signijqcantly decreased in proportion to the 
walking distance. The recovery time increased linearly in both the groups, as the walking distance increased. 
Conclusion: The recovery time of the ABPI correlated well with the intensity of workload, while the drop in ABPI did 
not. 
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Introduction 
Measurement of the ankle systolic pressure after walk- 
ing on a treadmill is the most reliable non-invasive 
method of quantifying exercise ischaemia in patients 
with intermittent claudication due to peripheral ar- 
terial occlusive disease (PAOD). 1'2 The degree of clau- 
dication pain and the haemodynamic response to 
walking are considered to be related to the degree of 
arterial disease in the lower legs. 3 Several investigators 
have compared the walking time or distance with 
objective haemodynamic measurements, and found 
the correlation disappointing. 4'5 These comparisons 
were made predominantly with systolic ankle pressure 
at rest. One would expect hat the magnitude of the 
ankle pressure response during a treadmill test would 
reflect the extent of functional disability. However, 
the relationship between intermittent claudication and 
changes in ankle systolic pressure during walking 
is unclear. In the present study, the ankle pressure 
responses todifferent exercise intensities on a treadmill 
were recorded. The relationship between claudication 
* Please address all correspondence to: Tsunehisa Sakurai, First 
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and the haemodynamic response was evaluated in an 
attempt to clarify this issue. 
Patients and Methods 
There were 30 patients who were referred to our 
department for the evaluation and treatment of dis- 
abling intermittent claudication as a result of PAOD. 
There were 29 men and one woman ranging in age 
from 52 to 80 years, with a mean age of 64.6 years. 
All patients complained of calf pain on wal'king. The 
symptoms of claudication were stable in all patients. 
Exercise tolerance was limited by claudication, and 
not by ischaemic heart or pulmonary disease. Angio- 
graphy was used to determine the site of arterial 
obstruction (aortoiliac occlusion in 19 legs of 19 
patients, femoropopliteal occlusion in eight legs of 
seven patients, and combined disease in five legs 
of four patients). These 32 legs were studied as the 
claudication group. Thirteen patients had less diseased 
contralateral legs which were asymptomatic because 
walking was limited by the other leg. These 13 legs 
were studied as the asymptomatic group. In this group, 
aortoiliac disease was present in 11 legs, and femo- 
ropopliteal disease was found in two legs. 
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Fig. 1. Relationship between ankle-brachial pressure index (ABPI) 
after the maximum walking distance (MWD) and the pre-exercise 
ABPI in the claudicating legs. y = 0.4x- 0.025, r = 0.745, p<0.001. 
After the patients had been rested, supine, for more 
than 30 min, pre-exercise ankle and brachial blood 
pressures were obtained. Then, they walked on a 
treadmill set at 40m/min with a 10% incline until 
pain forced them to stop. The pain-free walking dis- 
tance and maximum walking distance (MWD) were 
recorded. Immediately after walking on the treadmill, 
sequential systolic pressures at the ankle and brachial 
artery were obtained at 2.5 min intervals until the 
pressures returned to pre-exercise l vels. The recovery 
time was defined by the interval from the termination 
of exercise to the point at which the ankle-brachial 
pressure index (ABPI) reached 90% of its pre-exercise 
value. The same measurements were made at least 
24 h apart after walking at 25% and 50% of the MWD 
on a treadmill (25%WD and 50%WD). From these 
measurements, he relationship between claudication 
symptoms and haemodynamic response was de- 
termined. 
Paired t-test, ANOVA and Fisher's test were used 
for statistical analysis. Correlations were studied with 
Pearson's test. The results were expressed as the 
mean+ S.D. A p-value less than 0.05 was considered 
significant. 
Results 
The pre-exercise ABPI was 0.60_+0.17 in the clau- 
dicating legs, and 0.84+0.26 in the asymptomatic 
group. The MWD was 213 ± 168 m ranging from 80 to 
723m. The mean distance walked to the onset of 
claudication pain was 53.5 + 16.5% of MWD. The ABPI 
after walking the MWD correlated well with pre- 
exercise ABPI (Fig. 1). There was no relationship be- 
tween the pre-exercise ABPI in the claudicating legs 
and the MWD. However, the recovery time was greater 
when the pre-exercise ABPI was lower (Fig. 2). 
Table 1 shows the results of measurements in the 
claudicating and asymptomatic legs. In the clau- 
dicating legs, the ABPI was significantly decreased 
after walking 25%WD. However, a further reduction 
in ABPI was not observed espite walking 50%WD or 
MWD. In contrast, the ABPI in the asymptomatic 
legs was significantly decreased in proportion to the 
walking distance (Fig. 3). In both groups, the recovery 
time was significantly increased in a linear fashion as 
the walking distance increased. More time was re- 
quired to return to the pre-exercise state in the clau- 
dicating legs (Fig. 4). The patients were classified into 
three groups according to the distribution of arterial 
disease. Although the ABPI at rest and after exercise 
was significantly lower in the patients with combined 
disease compared to those with aortoiliac disease, 
the responses at the different walking distances were 
similar (Fig. 5). 
Discussion 
It is well known that the inadequate blood flow in 
exercising muscles causes intermittent claudication in 
patients with PAOD. As the perfusion pressure de- 
creases during exercise in the diseased leg, muscle 
blood flow does not rise to levels sufficient o supply 
the required nutrients or to remove the products of 
anaerobic metabolism rapidly enough to maintain con- 
tinued muscular function. 6It was therefore postulated 
that measurement of the ABPI would provide physio- 
logical information about he circulation in limbs with 
intermittent claudication. There is general agreement 
that more severely diseased legs exhibit a lower ABPI, 
and a longer recovery time. The present study dem- 
onstrated that the pre-exercise ABPI correlated well 
with the ABPI values at the MWD, and the recovery 
time after walking. However, the ABPI at rest cor- 
related poorly with the walking distance. Ouriel et al. 
have also found that there was a good correlation 
between pre-exercise ABPI and post-exercise ABPI, 
and a weak correlation between pre-exercise ABPI and 
walking distance. 7 The poor relationship between the 
pre-exercise ABPI and the walking distance is thought 
to be the result of other factors including motivation, 
pain tolerance, body weight, myocardial performance 
and unrelated symptoms. 
The muscle pain which causes patients to stop walk- 
ing arises from the accumulation of the anaerobic 
metabolites. Rexroth et al. have shown an increase in 
the femoral arteriovenous lactate difference and a 
Eur J Vasc Endovasc Surg Vol 13, May 1997 
488 1". Sakurai et al. 
4° l 







OO NO3 (3 
_ O 







Fig. 2. Relationship of the recovery time to the pre-exercise ankle- 
brachial pressure index (APBI) in the claudicating legs. Note that 
the recovery time was significantly correlated with the pre-exercise 
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Fig. 3. Changes in ankle-brachial pressure index (ABPI) after 
walking on a treadmill in the claudication and asymptomatic groups. 
Note the profound rop in ABPI after 25% of the maximum walking 
distance (25%WD) in the claudication group. ([]) claudication group; 
(11) asymptomatic group. 
significant fall in intracellular pH during muscular 
activity in the patient group, but not in the identically 
exercised control group. 8 In the present study, patients 
complained of intermittent claudication at 53.5 + 16.5% 
of the MWD. This is in close agreement with previous 
reports, in which claudication appeared at 41% to 60% 
of the maximum walking distance or time. 5'9'1° The 
time differences between the drop in ABPI, the onset 
Table 1. The results of measurements in the claudication and the less asymptomatic groups. 
Claudication group 
ABPI Recovery time (min) 
Pre-exercise 0.60 ± 0.17 
I* 25%WD 0.25 _+ 0.12 7.4 _+ 4.8 
NS * 
50%WD 0.23 _+ 0.11 11.6 _+ 6.2 
NS 
MWD 0.21 _+ 0.09 17.2 _+ 8 .0 - -  
Asymptomatic group 
ABPI Recovery time (min) 
Pre-exercise 0.84 + 0.09 
25%WD 0.66_ 0.19 2.8 _+ 0.8 
50%WD 0.56 ± 0.18 4.8 -i- 2.9 





NS: not significant. 
Eur J Vasc Endovasc Surg Vol 13, May 1997 
Changes in Ankle Pressure with Walking 489 
20-  
E 15-  
I0 -  
5 -  
MWD 
] i 
0 25 50 100 
Walking distance (%) 
Fig. 4. Recovery time after walking on a treadmill n the claudication 
and asymptomatic groups. Note that the recovery time was sig- 
nificantly increased in proportion to the walking distance. (D) 
claudication group; ( I )  asymptomatic group. 
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As it is impossible to measure the ABPI during 
exercise using non-invasive methods, it has been un- 
clear how it changes dynamically with increasing 
walking distance. Therefore, in the present study we 
attempted to measure the ABPI at different walking 
distances. As a result, it was demonstrated that in the 
claudicating legs the workload at 25%WD resulted in 
almost the same drop in ABPI as that at MWD. In the 
asymptomatic legs, the ABPI decreased linearly with 
the walking distance. These results were consistent 
with those of Fabry et al., who have reported that an 
ABPI at rest of 0.69 decreased to 0.49 after a I rain 
walk on the treadmill. The ABPI reduced to 0.41 at 
the maximum walking distance. 1°It is thus thought 
that the ABPI in the severely diseased leg decreases 
linearly at the beginning of walk, reaching a critically 
ischaemic level before walking 25%WD. The recovery 
time, which is characterised by the return of the dilated 
arterioles to their resting diameter, was significantly 
increased in a linear fashion as the walking distance 
increased, and was significantly greater in the clau- 
dicating legs. The recovery time was roughly pro- 
portional to both the degree of PAOD and the intensity 
of workload, suggesting that anaerobic metabolites 
accumulated in the muscles during exercise. 
In conclusion, we have confirmed that the recovery 
time of the ABPI correlated well with the intensity of 
workload, while the drop in ABPI did not. The clinical 
implication of our findings are that the measurement 
of the recovery time of the ABPI after workload is 
useful to determine the amount of the accumulated 
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of muscle pain, and the termination of walking are 
considered to reflect the physiological conditions in 
the limbs with intermittent claudication, in which 
anaerobic metabolites gradually accumulate in the 
presence of persistent muscle ischaemia. 
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Fig. 5. Changes in ankle-brachial pressure index (ABPI) after walking on a treadmill in the claudicating legs according to location of 
occlusive disease. Note that although the ABPI in the patients with combined isease was significantly ower than that in those with 
aortoiliac occlusion (p<0.05), the changes inABPI followed asimilar pattern. (C)) aortoiliac occlusion (n = 19); (0) femoropopliteal occlusion 
(n=8); (E3) combined isease (n=5). 
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